Many researchers have developed various measures to evaluate the functional status of community-dwelling elderly. The Frenchay Activities Index (FAI) was developed to measure instrumental activities of daily living in stroke populations. The FAI has undergone the most intensive evaluation, but its factor structure has not been examined in Japan. The primary purpose of this study was to investigate the construct validity of the FAI for non-stroke community-dwelling elderly in Japan. The study subjects were 1,323 randomly selected community older residents in Hojo city, Ehime prefecture, the southern part of Japan. In order to investigate the construct validation, we performed factor analyses, i.e., exploratory factor analysis and confirmatory factor analysis. Furthermore, we examined the influences of age and gender on the FAI constructs. In the results, the FAI had a two-factor structure consisting of domestic chores, including washing clothes and preparing meals, and work and leisure, including gardening, driving and outings. Younger age was significantly related to increased performance on both factors. In addition, relative to females, males had a lower performance on the domestic chores and a greater performance on the work and leisure. These results suggest that the FAI satisfies the construct validity in the Japanese community-dwelling elderly. The FAI and its two factors provide important and clinically valuable information for understanding the patterns of functional status in the Japanese communitydwelling elderly.
The functional status is an essential factor determining the lifestyle and independence of older adults and has received considerable attention. Many researchers have developed various measures to evaluate the functional status and assess intervention effects for rehabilitation programs (Moskowitz and McCann 1957; Katz et al. 1963; Mahoney and Barthel 1965; Soening et al. 1965) . A number of these were designed to evaluate the function in activities of daily living (ADL). Most of the ADL measures, for example, PULSES Profile (Moskowitz and McCann 1957) , Katz ADL index (Katz et al. 1963 ), Kenny Self-Care Evaluation (Soening et al. 1965) and Barthel index (Mahoney and Barthel 1965) , generally contain basic activities such as feeding, bathing and toilet use. However, such basic ADL measures are not necessarily adequate for independent-living in community older residents, which involves more complex activities such as housekeeping, recreation, hobbies, and social interaction (Whiting and Lincoln 1980) .
In addition, it is well known that ADL scales generally show ceiling effects when applied to community-dwelling elderly (Nouri and Lincoln 1987) . In order to overcome the weaknesses of these ADL scales, higher-order ADL assessments, such as the Instrumental Activities of Daily Livings (IADL) originally introduced by Lawton (Lawton and Brody 1969) , have received increasing attention.
There have been many previous attempts to develop IADL assessment devices. Such measures include the Rivermead ADL scale (Whiting 1980) , Nottingham Extended ADL scale (Nouri and Lincoln 1987) , Hamrin Activity Index (Hamrin 1982) and Frenchay Activities Index (FAI) (Holbrook and Skilbeck 1983) . A review of the psychometric investigations of these IADL scales revealed that the FAI had undergone the most intensive evaluation, especially concerning its construct validity (Khin-Heng 1995) .
Construct validation studies on the FAI have examined group differences and the strength of the construct-related criteria (Wade et al. 1985) . Another component of construct validation, factor structure, is well established. Factor structure is determined typically using a factor analysis. Previous factor analytic studies of the FAI have differed in terms of the extracted factor solution applied to a sample of stroke patients (Wade et al. 1985; Bond et al. 1992; Schuling et al. 1993; Sveen et al. 1999 ) and community dwelling older residents (Kburn et al. 1990; Bond et al. 1995) , with the number of factors obtained from the results of the factor analyses ranging from two to four. Furthermore, the factor structure of the FAI has not been rigorously examined using a confirmatory factor analysis, although it is necessary to establish the factor structure. Ambiguity about the factor structure violates the assumption of the construct validity of the instrument.
In the present study, we addressed these concerns and aimed to specify the factor structure of the FAI using not only exploratory factor analysis (EFA), but also a confirmatory factor analysis (CFA) in Japanese community-dwelling elderly. In addition, the effects of age and gender on the performance of the FAI domains obtained from the above factor analyses are also discussed.
METHODS

Subjects and questionnaire
The study subjects were 1,323 community older residents (375 males [28.3%], 798 females [60.3%], 150 gender-missing; the mean age; 74.5 years [S.D. = 6.95].) in Hojo City, Ehime prefecture, who were selected from all residents aged 65 years and over (n = 5,916) using a systematic random sampling technique. The survey was conducted by the 10 staff of health care centers in Hojo City. They distributed the self-report questionnaires to each subject who agreed to participate, and then collected them in health care centers. The survey contents included demographic information; gender, age, and IADL. The FAI was included in the questionnaires to provide ratings of IADL. The FAI originally comprised 22 items such as preparing meals, shopping, and gardening, but only 15 items selected by Wade et al. (1985) , have generally been used. Each item is scored on a four-point scale (0-3), and the scores are summed, giving values between 0 (inactive) and 45 (highly active).
Respondents whose gender was missing or omitting the FAI items were excluded. Due to the missing data for these items, only 696 respondents (290 The study protocol was approved by the ethical committee of the Hojo City and all the subjects gave informed consent.
Analytic strategies
In order to examine the factor structure of FAI of 696 subjects, we performed EFA using the exploratory sample (Han et al. 2004 (Han et al. , 2005 . We estimated a factor solution using M-plus program's weighted least squares parameter estimates and a diagonal weight matrix with robust standard errors and mean-and variance-adjusted chi-square test statistic (WLSMV) (Muthén and Muthén 1998) . The number of factors retained was determined according to the theoretical hypothesis, Kaiser's eigenvalue greater-than-1-rule (Kaiser 1960) . Interpretation and labeling of retained factors were performed by relying on factor loadings > 0.3 in PROMAX pattern matrix.
In order to evaluate the robustness of the above factor structure, CFA was performed using a structural equation modeling program AMOS version 4.0 (Arbuckle and Wothke 1999) , which is commonly used to perform such analyses (Han et al. 2004 (Han et al. , 2005 . CFA has several important features over an EFA. CFA enables researchers to systematically test a hypothesis about the internal structure of a psychometric scale by assessing whether the hypothesized model could be fitted to the data (Bryant et al. 1999) . In this analysis, a second-order factor model was tested, which represented an underlying construct IADL as a second-order factor dominated by the several first-order factors from the EFA. Furthermore, we used structural equation modeling (SEM) in order to examine the influences of age and gender on the FAI constructs obtained from the above factor analyses.
In the above mentioned CFA and SEM, model fitness to the data was assessed with the chi-square value (χ 2 ), Goodness of Fit Index (GFI), Adjusted Goodness of Fit index (AGFI), Comparative Fit Index (CFI), and Root Mean Square Error of Approximation (RMSEA). GFI and AGFI range between 0 and 1, with higher values indicating better fit, and 0.90 generally considered the minimum acceptable level of fit (Bryant et al. 1999) . Although a CFI value of 0.90 has served as the lower limit cut-point of an acceptable fit (Bryne 1994; Bryant et al. 1999 ), a RMSEA value of 0.08 or lower indicates an adequate fit (Bryant 1999) . If the model provided inadequate fit indices, we examine the modification indices (MI) (Arbuckle and Wothke 1999) for each parameter in order to improve the model fit. The MI estimates the reduction in chi-square that would result if a particular fixed parameter were free to be estimated in the model as well as the expected change in the value of the particular parameter, given its inclusion in the model. When these modifications are plausible, improve the fit of the model and are well-grounded in preexisting theory, the researcher often frees additional factor loadings or allows for correlated measurement errors in the model.
Significance of parameter estimates (loading paths) were assessed with the values of non-standardized coefficients divided by standardized error (corresponding to t values). t values over 1.96 ( p < 0.05) can be judged as statistically significant. Model fit and loading path coefficients were calculated with a maximum likelihood (ML) estimator (Arbuckle and Wothke 1999) .
RESULTS
Study sample
Respondent characteristics are summarized in Table 1 . The sample included 290 males (41.7%) and 406 females (58.3%). The mean age for all subjects was 73.5 years (S.D. = 6.92, range 65 -98). The subjects were aged 65 to 74 (63.4%), while 255 subjects (36.6%) were aged over 75. The mean age of the male subjects was 73.2 years (S.D. = 6.60) and that of the female subjects was 73.7 years (S.D. = 7.14). There was no significant difference in age between the male and female subjects. Table 2 shows the distribution of each item for the FAI. The percentage of "never" indicated that the most difficult item was "X15: Gainful work" (69.7%), the second most difficult "X14: Reading books" (63.4%) and then "X13: House/ car maintenance" (56.3%). On the other hand, focusing on the "Most days" or "At least once a week" responses, the easiest items were "X8: Walking outdoors" (59.6%), "X4: Light housework" (55.5%), and "X6: Local shopping" (54.6%). 
Exploratory factor analysis
The EFA solutions with oblique rotation (PROMAX) obtained using the maximum likelihood (ML) estimator were examined. The following Eigen values emerged: 4.87, 3.12, 1.04, 0.83, 0.81, 0.70, 0.64, 0.57, 0.53, 0.46, 0.40, 0.38, 0.22, 0.19, and 0.17 . The Kaiser's eigenvaluegreater-than-1-rule suggested a three-factor solution. The first latent root accounted for about 29.5% of the variance of the 15 variables of FAI, and the subsequent two latent roots accounted for 17.7% and 2.4% of the variance, respectively. Items 1, 2, 3 and 6 had positive loadings on the first factor, whereas items 7, 8, 9, 10, 11, 12, 13, 14 and 15 had positive and moderate loadings on the second factor. The third factor had loadings with only two items (Item 4 and 5). Since the Kaiser's rule is known to overestimate the number of latent factors (Zwick and Velicer 1986) and the variance of the third factor was trivial, we ultimately retained the two-factor solution.
The factor matrix is illustrated in Table 3 . In the two-factor solution, items 1, 2, 3, 4, 5, and 6 had large (λ = 0.92) and at least moderate (λ = 0.67) loadings on the first factors. The first factor was interpreted as the domestic chores factor. Items 7, 8, 9, 10, 11, 12, 13, 14 , and 15 had moderate (λ = 0.68) and mild (λ = 0.37) loadings with the second factor. The second factor was labeled the work and leisure factor. The first latent root accounted for about 29.1% of the variance, and the second latent roots accounted for 17.7% of the variance. This accounted for 46.8% of the total variance. The factor correlation matrix demonstrated a weak association between domestic chores and outdoor work and leisure factor (r = 0.16). 
Confirmatory factor analysis
A confirmatory factor analysis was conducted in order to assess the extent to which FAI factor structure fit to the present data. In this analysis, a second-order factor model was constructed, which showed that the second-order latent factor IADL was a dominant concept in the two firstorder factors obtained from the exploratory factor analysis. Domestic chores factor had five indicators (item 1, 2, 3, 4, 5 and 6). The outdoor work and leisure factor had eight indicators (item 7, 8, 9, 10, 11, 12, 13, 14 and 15) . As a result of the CFA, modifications were required for an adequately fitting model, because the model provided poor fit to the data ( approximately satisfactory. The final FAI model is displayed in Fig. 1 . The model revealed a number of significant paths between latent factors and the indicators. The range of path coefficients was from 0.29 to 0.91.
Effects of age and gender on the FAI factors
We performed a SEM in order to examine the age and gender differences in performance on the two FAI domains. The results are shown in Fig. 2 . The model fit the data reasonably well (χ 2 [df] = 722.25 [113] , GFI = 0.88, CFI = 0.89, RMSEA = 0.09). All standardized path coefficients were then found to be statistically significant at the p = 0.05 level. As expected, age and gender differences in performance on domestic chores and outdoor work and leisure were found. Younger age was significantly related to increased performance both on the domestic chores and the work and leisure (−0.22 and −0.47, respectively). In addition, relative to females, males had a lower performance on the domestic chores (0.74) and a greater performance on the work and leisure (−0.19) .
DISCUSSION
This study mainly aimed to examine the factor structure of IADL measured by the FAI which was originally developed for stroke patients, using a sample of Japanese community older residents.
In the present study, first, we demonstrated that the FAI had a two-factor structure consisting of domestic chores and work and leisure and the factors had five and eight indicators, respectively. Next, we demonstrated that the FAI using a sample of Japanese community older residents is a second-order factor model consisting of a secondorder factor IADL and two first-order factors, domestic chores and work and leisure, provided somewhat poor fit indices. Moreover, we found that age and gender differences in performance on domestic chores and work and leisure.
Earlier factor analytic studies on the FAI were conducted using a sample of stroke patients and community dwelling elderly and found that the number of factors ranged from two to four. Wade et al. (1985) found a three-factor solution from the result of factor analysis using a sample of pre-stroke patients. Kburn et al. (1990) also reported a similar three-factor solution. However, these authors did not interpret and label the resulting factors. Bond et al. (1995) also reported a three factor solution including indoor domestic chores, outdoor social activities and outdoor domestic chores factor, but these factor solutions seemed to be an overestimated result. In contrast, Schuling et al. (1993) reported a two-factor solution indicating domestic and outdoor factors, and Sveen et al. (1999) reported a three-factor structure including domestic, outdoor and hobby factors using data from a sample of patients after stroke.
A CFA is a deductive approach and is generally used to test whether some a priori formulated theoretical model adequately explains covariances derived from the data, whereas EFA is an inductive approach and provides a hypothesis for the relationships between a set of items included in a scale and constructs that a researcher intends to measure (Bryant et al. 1999) . Unfortunately, little research has focused on the factor structure of the FAI using a CFA, although a CFA has several important advantages over EFA and enables researchers to test a measurement model of the factor underlying a set of questions. Therefore, use of the EFA and CFA together in a factor analytic study is considered to be preferable and it would provide strong evidence concerning the construct validity of the measurement.
Our EFA result found an easily interpretable two-factor solution similar to that reported by Shuling et al. (1993) , although the previously reported factor analyses of the FAI are difficult to compare with the present study due to differences in the sample size and composition.
The CFA result indicated that the secondorder factor model consisting of a second-order The model fit the data reasonably well: χ 2 (df) = 722.25(113), GFI = 0.88, CFI = 0.89, RMSEA = 0.09. All standardized path coefficients were then found to be statistically significant ( p = 0.05). Younger age was significantly related to increased performance both on the domestic chores and the outdoor work and leisure (−0.22 and −0.47, respectively). In addition, relative to females, males had a lower performance on the domestic chores (0.74) and a greater performance on the outdoor work and leisure (−0.19). GFI, Goodness of fit; CFI, Comparative fit index; RMSEA, Root mean square error of approximation.
factor IADL and two first-order factors provided somewhat poor fit indices. After two post hoc model modifications, the fit indices were approximately satisfactory. All factor path loadings were medium and large. This supports the EFA result and indicates that the FAI satisfies the assumption of construct validity. However, the factor path loading for the reading item from the work and leisure construct was slightly weak (λ = 0.29). As Schuling et al. (1993) recommended, the reading item should be deleted, because the item seems to reflect more complex activities, such as effectance suggested by Lawton and Brody (1969) , than those addressed by IADL.
The result by the SEM is plausible, when considering that with age, the risk of decline in mental and/or physical functions, or an increased incidence rate of depression is higher. This result was consistent with those reported in previous studies (Wade et al. 1985; Kburn et al. 1990; Sveen et al. 1999) . Prominent gender differences also emerged both on the domestic chores and work and leisure. These results were consistent with those of the earlier studies. Female subjects scored significantly higher on the domestic chores subscale than male subjects, but significantly lower on the work and leisure subscale. These subscales may show separate-gender norms for Japanese populations. Therefore, without controlling for gender, researchers would not understand the functional status in IADL of community dwelling elderly subjects. Furthermore, future research is required to make the subscale equivalent to both male and female, for example, by including both male-and female-specific in-home tasks equally.
One of the limitations of the present study was that the response rate was not high: only 696 of 1,323 (52.6%) elderly completed the questionnaires. As the questionnaires were self-reported, the elderly who had low education or low cognitive functions might be not included in this study. There were previous studies that low cognitive functions were associated with ADL in elderly people (Greiner et al. 1996; Fujita et al. 2005) . Moreover, we did not examine the associations between the FAI constructs and other factors, e.g., physical, social, economic or environmental factors. It is known that IADL is a multi-dimensional and complex construct and that different people may react differently to apparently similar levels of physical impairment, depending on their expectations, priorities, goals, social-support networks and so on. Further research therefore is necessary in order to decide the clinical importance of the domestic chores and the work and leisure. These attempts would provide a more sophisticated understanding of the IADL in community-dwelling elderly.
In conclusion, we found that the FAI satisfies the construct validity and has a two-factor structure including domestic chores and work and leisure in a sample of Japanese community-dwelling elderly. This finding provides evidence for the construct validity of the FAI, and provides important and clinically valuable information for understanding the patterns of functional status in the Japanese community-dwelling elderly.
